Rigorous evaluations of food-assisted maternal and child health and nutrition programs are stymied by the ethics of randomizing recipients to a control treatment. Using nonexperimental matching methods, we evaluated the effect of 2 such programs on child linear growth in Haiti. The 2 well-implemented programs offered the same services (food assistance, behavior change communication, and preventive health services) to pregnant and lactating women and young children. They differed in that one (the preventive program) used blanket targeting of all children 6-23 mo, whereas the other (the recuperative program) targeted underweight (weight-for-age Z score , 22) children 6-59 mo, as traditionally done. We estimated program effects on height-for-age Z scores (HAZ) and stunting (HAZ , 22) by comparing outcomes of children in program areas with matched children from comparable populations in the Haiti Demographic and Health Survey. Children 12-41 mo in the preventive and recuperative program areas had lower prevalence of stunting than those in the matched control group [16 percentage points (pp) lower in preventive and 11 pp in recuperative]. Children in the 2 program areas also were more likely than those in the matched control group to be breast-fed up to 24 mo (25 pp higher in preventive, 22 in recuperative) and children 12 mo and older were more likely to have received the recommended full schedule of vaccinations (32 pp higher in preventive, 31 in recuperative). Both programs improved targeted behaviors and protected child growth in a time of deteriorating economic circumstances.
Introduction
In recent years, maternal and child nutrition have become high priorities for large food aid donors and implementing agencies (1) . The United States Agency for International Development (USAID), 6 e.g., spends nearly $200 million/y on food-assisted maternal and child health and nutrition (MCHN) programs.
There are few rigorous evaluations of such programs, however, and therefore little is known about their overall effectiveness in reducing undernutrition in different operational contexts. For example, available assessments typically use simple before-after comparisons without an adequate control group (2, 3) . Such designs do not permit attributing changes in the outcomes of interest to the intervention, because they lack a valid "counterfactual" or group that captures what would have happened in the absence of the intervention. These designs can thus be misleading in situations where changes in undernutrition occur over the evaluation period for reasons other than the intervention itself. This was the situation in Haiti between 2000 and 2005 when undernutrition rose as a result of economic, climatic, and political shocks (4, 5) . Programs that were assessed during this period using simple before-after comparisons appeared to have had little or even negative impact on child nutrition (3) .
In previous work, we compared the impact on child anthropometry of 2 food-assisted MCHN programs implemented in Haiti from 2002 to 2005 (6) . We showed that the preventive model, which used blanket targeting of all children 6-23 mo of age, was more effective at reducing stunting, wasting, and underweight prevalence compared with the recuperative model that targeted underweight children (6-59 mo of age). Our evaluation was not prejudiced by the trend in undernutrition in Haiti at the time because we used a cluster randomized trial to allocate groups of communities to the 2 program models and compared child nutrition outcomes after communities had been exposed to either program model for 3 y. Both program models offered a range of services targeted to pregnant and lactating women and young children (6, 7) and as such each was likely to be beneficial. For ethical, logistical, and financial reasons, however, the evaluation did not include a control group where food assistance was not provided. Therefore, we could not estimate the absolute effect of either program model on community prevalence of undernutrition relative to communities where there was no program (6, 8) .
In this study, we assessed the total absolute effects of each of the 2 program models on child linear growth in Haiti using nonexperimental matching techniques that are less biased than simple comparisons with nonrandomized control areas (9) . We matched children included in the 2005 postintervention survey of the randomized trial in the preventive and recuperative program areas to comparison children drawn from the Haiti Demographic and Health Survey (HDHS) implemented at the same time. The overall aim was to document whether the 2 foodassisted MCHN program models helped mitigate the potential negative effects on child linear growth of Haiti's economic downturn during the first 5 y of the new millennium.
Methods
We compared outcomes for children in the program areas in 2005 with outcomes for children outside the program areas also measured in 2005. Separately for each program, we assessed the absolute difference in mean outcomes between children in each program area and matched comparison children. The evaluation survey was conducted as part of the clusterrandomized trial to compare the 2 program models (preventive and recuperative) of food-assisted MCHN programs implemented by WVHaiti in the Central department.
WV had been operating in the region for approximately a decade prior to the 2002 launch of the food-assisted MCHN programs examined in this article, implementing its Area Development Programs (ADP). These were private sponsorship programs that provided schooling and health inputs directly to individual sponsored children as well as more general health and development programs to their communities. Also prior to the 2002 programs, WV worked as a subcontractor to Catholic Relief Services implementing a USAID Title II MCHN program similar to the recuperative program. Through these activities, WV developed a strong rapport with the rural communities in the Central Plateau and gained important logistical experience working in the region, thereby creating an effective community-based platform. The later programs were based on this platform, facilitating their high quality implementation. In the design of the original impact evaluation, communities were matched on whether they had WV ADP (6) .
In 2001, WV-Haiti itself became a direct implementer of a USAID Title II MCHN program targeting a population of 600,000. This program was set up to compare the newly developed preventive model with the traditional recuperative model; staffing, supervision, and all other programmatic operations were the same for both program models.
Both the preventive and recuperative program models offered a range of services described in detail elsewhere (6, 7) . In summary, the interventions included behavior change and communication (BCC) counseling at rally posts and mothers' clubs, and the provision of monthly food rations, both within a larger MCHN program that included food rations for pregnant and lactating mothers, pre-and postnatal consultations, home visits for newborn infants and severely undernourished children under 5 y of age, and the provision of vaccination, vitamin A supplementation, oral rehydration salts, and antihelminth drugs to all children under 5 y of age. Receipt of the food rations was conditional upon monthly participation in the rally posts and mothers' clubs. Food distribution and other components of the programs began in August 2002, except for the BCC package, which was implemented in May 2003.
The key differences between the preventive and the recuperative models were: 1) the child eligibility criterion [age 6-23 mo or weight-forage Z score (WAZ) , 23 for children 24-59 mo of age in preventive; WAZ , 22 for children 6-59 mo of age in recuperative]; 2) the duration of child eligibility to receive the food (6-23 mo of age, up to 18 mo, in preventive; up to 9 mo for recuperative); and 3) the content and focus, timing, sequencing, and total number of BCC sessions at the mothers' clubs. The BCC sessions in the preventive model focused on child feeding and care to prevent undernutrition and a precise schedule of 14 lessons was established to ensure that delivery of the age-specific counseling messages reached caregivers at the time they would be most beneficial. For recuperative, the BCC sessions focused on topics of relevance to undernourished children, such as causes of undernutrition, nutritious recipes, feeding during illness, and hygiene in food preparation, handling, and storage. All other aspects of the comprehensive MCHN program were the same for both program models.
The evaluation survey collected data on children (and their families) living in communities in the Central department where the 2 programs had been operating for~3 y, regardless of whether they had actually received the intervention, as is necessary for an intent-to-treat evaluation (10) . The survey was conducted in 20 areas (10 randomly allocated to the preventive model and 10 to the recuperative model) in 3 communes of the rural Central department that had not had WV food assistance programs prior to 2002 but in some instances had an ADP. Households were randomly selected from the set of all households with at least 1 child 12-41 mo of age (referred to as the index child) using as the sample frame census data collected by the research team just prior to the evaluation survey. These children were all born after the programs began and the youngest of them had been exposed to one or the other of the 2 programs for at least a full year by the time of the evaluation survey. The evaluation survey questionnaire, based on the HDHS questionnaire, was administered to the mother of the index child and collected data on household and maternal characteristics. Anthropometric measurements (height and weight) were taken on the index children and their caregivers.
The evaluation survey included 1500 index children: 748 in the preventive and 752 in the recuperative group. We excluded 22 children with missing anthropometric measures or incomplete characteristics on which we matched them to the HDHS (as described below). After constructing Z scores for height-for-age (HAZ), we also excluded 2 observations with outlier values based on WHO criteria (11) . The final evaluation survey sample included 731 children in the preventive group and 745 in the recuperative group.
The evaluation survey data were compared with data from the 2005-2006 HDHS, a nationally representative household survey, conducted in all 10 departments of Haiti (5). The HDHS used a 2-stage sampling scheme, with selection at the first stage from clusters with probability proportional to size followed by a second stage of random selection of households within each cluster (5, 12) . A household questionnaire included many of the same household and maternal characteristics as the evaluation survey and anthropometric measurements were taken on children under 5 y of age.
To ensure that the children from the HDHS who were used for comparison lived in conditions similar to those of children in the evaluation survey, we retained from the HDHS only those children 12-41 mo of age living in rural areas of the country surveyed from October to December 2005. Children living in urban areas were not comparable to those in the evaluation survey, because the prevalence and severity of undernutrition and food insecurity, as well as the access to health services, differed markedly between urban and rural areas. In addition, only children measured in 2005 would have experienced the changes in food security and environmental conditions caused by the natural disasters and civil disruptions at the same ages as the intervention children. This was particularly important, because the effects of such shocks might have had different impacts at different ages. The effect on anthropometry of the few months' difference between the surveys should have been minor for HAZ, a cumulative indicator of past nutrition, but is likely to have been more substantial for WAZ and weight-for-height Z scores, because these latter 2 indicators are more responsive to shortterm fluctuations in the environment such as seasonal changes. For this reason, WAZ and weight-for-height Z score were not analyzed. As with the evaluation survey, we excluded children with missing anthropometric measures or incomplete characteristics on which we matched or with outlier values for Z scores according to the WHO criteria (11) . The final HDHS sample available for potential matches included 355 children.
Direct evidence that both programs were implemented equally well is provided elsewhere (7, 13, 14) . To complement and confirm these findings with indirect evidence on effective implementation, we first examined 3 binary indicators related to the impact of the program BCC and health care service components: 1) whether a child older than 12 mo of age was breast-fed up to 12 mo of age; 2) whether a child older than 24 mo of age was breast-fed up to 24 mo of age, the WHO-recommended duration for breast-feeding (15); and 3) whether children 12 mo of age or older were fully vaccinated as reported on a vaccine card or by the mother when the card was not available. The vaccines included the vaccine against tuberculosis, Bacille Calmette-Guérin, the measles, mumps, and rubella vaccine, the 3rd dose of oral polio vaccine, and the 3rd dose of the diphtheria-pertussis-tetanus vaccine.
The main outcomes examined to assess linear growth were mean HAZ scores and the prevalence of stunting, defined as HAZ , 22.
Statistical analysis. To estimate program effects, an appropriate comparison group was necessary. For a comparison group to be valid, it should be comparable enough to the intervention group so that differences between the 2 groups can be attributed to the treatment. This comparability can be achieved by finding a group that did not have the program but had levels of the determinants of the outcomes (e.g. HAZ) similar to those of the intervention group. These determinants, which are confounders of any real program effect, can be controlled for by matching each child in the intervention group with a comparison child who is exposed to all of the same determinants of the outcome under consideration, except the treatment. This would yield both maximum comparability and the greatest number of comparison children.
An approximation to this ideal is now computationally feasible using nonexperimental matching methods with multiple comparison children which, with recent advancements (16) , has become an increasingly common way to estimate program impacts for antipoverty and related programs (9, (16) (17) (18) (19) (20) . We used this method to estimate the mean difference in outcomes between treatment children in communities that received the WV-Haiti programs (treated) and similar matched children from the HDHS survey (untreated). This method would ensure complete comparability if all of the confounding determinants of anthropometry were known and perfectly measured. Because this was not possible, we must assume that, conditional on matching individuals on a vector of measurable characteristics, untreated individuals had the same mean outcomes that the treated individuals would have had if they had not received the program. This is known variously as the assumption of selection on observables, the conditional independence assumption, or unconfoundedness (16, 21) .
Direct comparisons of nonexperimental matching methods with experimental estimators based on randomized designs have shown that the nonexperimental methods are more likely to satisfy the unconfoundedness assumption and therefore provide reliable, low-bias estimates of program effects when the data include covariates associated with the outcomes being examined as well as with treatment status, the data sources used are similar (e.g. the same questions and survey methods), and the local conditions are similar (22) (23) (24) (25) . The first 2 conditions are theoretically necessary and substantiated empirically in the literature, and they are met in our study. The 3rd condition is an empirical finding in the literature meaning that more unmeasured confounders are present when the geographic areas are different. We (20) . These steps were all aimed at increasing the plausibility of unconfoundedness.
First, guided by theoretical considerations (and subject to variables available in each of the 2 data sets), we determined the potential set of variables upon which the matches could be based ( Table 1 ). The variables chosen should have predictive power for the outcomes under study as well as for treatment status (20, (26) (27) (28) . Because we used data collected in the intervention areas after the programs began, it was also important to choose variables that were unlikely themselves to have been influenced substantially by the programs. Second, we constructed a propensity score for each child to guide the final selection of the exact form of the matching variables (including polynomial transformations and interactions). The propensity score model was the probit of living in a treatment area as explained by the variables shown in Table 1 . We calculated the probit so that the distributions of the variables in Table  1 (and any resulting transformations) for each quantile of the propensity score were statistically the same across program and HDHS children, a procedure referred to as balancing (20) . We then used these balance variables or their transformations to match each child in the preventive program area (and, separately, each child in the recuperative program area) to the 2 most similar children ("nearest neighbors") from the HDHS. The propensity score itself was not used for matching. We matched children exactly on a 3-mo age range (e.g. 12 to ,15 mo, 15 to ,18 mo, and so on up to 39 to ,42 mo) and using nearest neighbor matching on the other variables (and their transformations) (27, 29) .
The estimated average treatment effect is the difference in mean outcomes for the treated compared with the matched groups where, as a result of allowing multiple matches, the matched group may include repeated observations on some children. To calculate the SE and corresponding confidence intervals and t-tests, we implemented a heteroskedasticity robust variance estimator that is standard for this nearest neighbor matching technique (29) . This also entailed a matching procedure to match observations to a nearest neighbor but this time from within the same treatment category instead of across treatment groups, as discussed above. Then the sample variance within each of these matched pairs was calculated and used to estimate the conditional variance of the sample mean outcome for each group. The variance of the average treatment effect estimator is the sum of the estimated variances of the samples means for the treated and matched groups.
We also undertook several sensitivity analyses using: 1) alternative matching methods such as nearest neighbor matching with between 1 and 5 neighbors, as well as kernel matching (16); 2) alternative sets of matching variables; and 3) alternative subsamples of the HDHS as the source of comparison observations. All analyses were carried out using Stata version 11 (30) .
We set significance at a 2-tailed P , 0.05.
Ethical review. Approval for the data collection and related analyses for the evaluation study was obtained from the Cornell University Committee on Human Subjects. The secondary data analysis presented in this article was exempted from ethical review, because we used de-identified data from the International Food Policy Research Institute-Cornell-WV evaluation survey data set and the 2005-2006 HDHS data set, available for use with permission from Measure DHS.
Results
Of the 355 children 12-41 mo of age in the HDHS subsample from rural areas measured in 2005 (i.e. the potential matches), 290 were matched to at least 1 child in the preventive program and 300 to at least 1 child in the recuperative program (Table 1) . When combined, there were 325 unique children from HDHS matched to 1 or more children in 1 or both of the treatment groups. Children from the 2 treatment groups were very similar to each other, which is unsurprising given that they were from the same region and the type of treatment was randomly
Food aid and child stunting in Haiti 1141 assigned (6) . Treatment children in each of the 2 groups also were quite similar to those children in the HDHS sample for each analysis. Children from the program samples, however, were significantly more likely to have fathers who reported farming as their primary occupation and to live in households that were slightly worse off as measured by asset ownership than were the HDHS children. The mean differences between each program child and his/ her 2 matched children from the HDHS indicated that children living in preventive and recuperative areas had substantially and significantly higher reported rates of 2 important outcomes promoted by the programs: breast-feeding and full vaccination coverage ( Table 2 ). The prevalence of breast-feeding up to 12 mo of age was .97% in both program areas and was 12.7 percentage points (pp) higher for children in preventive areas than for matched children in the HDHS, and 12.5 pp higher for children in recuperative areas. The prevalence of breast-feeding until the WHO recommendation of 24 mo (15) was 25.3 pp higher for children in preventive areas and 21.7 pp higher for children in recuperative areas. Full vaccination coverage for children 12 mo of age and older was .75% in both program areas and was 31.7 pp higher for children in preventive areas and 30.7 pp for children in recuperative areas.
After~3 y of operations, children 12-41 mo of age living in preventive or recuperative program areas also had generally greater linear growth than matched children from the HDHS ( Table 3) . Children from preventive areas had higher mean HAZ scores (+0.341) than matched children from the HDHS. These differences in mean Z scores translated into lower prevalence rates for stunting, which was 15.9 pp lower in the preventive areas. Children from recuperative areas also had higher mean HAZ scores than matched children from the HDHS (+0.183; P = 0.08), although this difference was not as large as for the preventive group and was not significant. The difference in mean Z scores corresponded to a 10.7-pp lower prevalence rate of stunting for children in the recuperative areas.
Discussion
This study shows that both the preventive and recuperative models of a food-assisted MCHN program led to higher mean HAZ scores and a lower prevalence of stunting among children living in communities exposed to the programs compared with children from rural Haiti who were not exposed. Moreover, the estimated effects were substantial, suggesting, e.g., reductions in the prevalence of stunting of~3 pp/y for the recuperative program, similar to effects previously reported in the literature using less robust nonexperimental designs (2), and 5 pp/y for the preventive program, a program type for which there are no previous results in the literature. These large effects were realized in one of the poorest regions of the country, with the highest prevalence of stunting, and during a period when Haiti was undergoing economic, climatic, and political hardship (31) . Purposively, WV-Haiti targeted only relatively poor areas of the country. HDHS data from 2000 and 2005 indicate that the Central department where the 2 programs operated was consistently one of the poorest, as measured by asset ownership or a wealth index. This relative poverty, within the poorest country in Latin America, also was reflected in the region's nutritional indicators. In both 2000 and 2005, the Central department had the highest prevalence of stunting in the country for children ,5 y of age. Between 2000 and 2005, the prevalence of undernutrition soared in the region; stunting increased by 5 pp (37.9 to 42.8%) and there was a doubling of the prevalence of underweight (12.2 to 24.9%) and wasting (4.5 to 8.4%). As a result, the WV-Haiti programs, which yielded equal or lower prevalence of stunting in the program areas compared with baseline measurements taken for the randomized trial in 2002, effectively operated as safety nets for their beneficiaries during a downturn, mitigating the potential deterioration.
Several aspects of the results point to the plausibility of our findings (32) . First, the examination of the effects on outcomes other than anthropometry that were targeted by both programs demonstrates that key aspects of the programs were being implemented and were highly effective. For full vaccination and breast-feeding up to 12 mo, the effects were similar in size across the 2 program models, consistent with there being no design or implementation differences related to these outcomes across the programs. Breast-feeding was emphasized in the mothers' clubs and vaccination was programmed to be done during the rally post visits in the first 6 mo of life. Both program models targeted lactating women (up to 6 mo postpartum) and their participation was approximately equal across the 2 models (7). The effect on the prevalence of breast-feeding up to 24 mo of age was higher in the preventive group, however, possibly because all mothers with children aged 6-23 mo had to participate in the mothers' clubs to receive the food rations, whereas in the recuperative program, only the mothers of underweight children were eligible for food rations and therefore required to attend mothers' clubs.
Second, the differences between the estimated absolute effects for the 2 programs reported here are consistent with, and nearly identical to, the experimental results reported previously (6) , where it was shown that the preventive model was more effective than the recuperative model. Because it was more rigorous in the present analysis to match children separately for the preventive and recuperative programs, we did not match exactly the same children for each separate assessment. This means that the difference between the absolute effect for the preventive and recuperative programs reported above need not have been the same as the difference based on the randomized trial.
Finally, in addition to the matching methods presented here (29), we considered alternative matching techniques and sets of matching variables (20) , all of which yielded similar results. The alternative methods considered included varying the number of neighbors used in the match from 1 to 5, nearest neighbor with bias correction (29) , matching exactly on both 3-mo age groups and gender of the child, and Gaussian kernel matching, based directly on the estimated propensity scores (20, 23) . Our findings, therefore, are robust to the matching techniques used. We also examined results excluded from the variables used for matching the asset and household composition variables (Table  1) , given the potential concern that the programs may have affected these confounders directly. The results were the same. This is evidence that the selection on unobservables assumption is maintained, because altering the set of observables characteristics on which we match, themselves likely to be correlated with important unobservables, did not alter the results. Finally, for matching variables that showed some imbalance between the treatment and matched samples (father's occupation and the dwelling's roofing and flooring materials), we reestimated the matching models requiring exact matches on those variables in addition to the 3-mo age group variable. Results were unchanged, indicating the findings are robust to more exact matching on these most likely confounding variables. 1 Values are mean percentages with the 95% CI for the differences. Nearest-neighbor matching results using 2 nearest neighbors and requiring exact matches on 3-mo range age dummies. 2 The vaccines include the vaccine against tuberculosis, Bacille Calmette-Gué rin, the measles, mumps, and rubella vaccine, the third dose of oral polio vaccine, and the third dose of the diphtheria-pertussis-tetanus vaccine. There are some limitations to our study. WV-Haiti targeted only relatively poor areas of the country. As a result, there remains a concern that matched children from the HDHS national rural sample may still have been relatively better off than those in the evaluation survey, as suggested by the mean characteristics. A related concern is that food aid programs were common throughout rural Haiti during this period. For example, WV-Haiti was 1 of 4 organizations operating a USAID foodassisted MCHN program during this period, with the other organizations operating in portions of 3 of the 4 departments interviewed in HDHS in 2005 (3) and therefore included in the comparison group. Finally, we retained in the comparison sample households in the HDHS from the Central department, because they were likely to be geographically very similar to WV-Haiti program households, a key consideration for successful matching. These features raise the possibility that households selected for matching also were beneficiaries of a food aid program, including the WV-Haiti program itself. In areas of operation outside the evaluation survey communities, WV-Haiti employed the recuperative model. Together, the relative poverty of the Central department and the widespread nature of food aid in Haiti both suggest that comparisons made with the HDHS may lead to underestimates of WV-Haiti program effects, comparing treated children with children from slightly wealthier backgrounds or children in households also receiving food aid or both. Therefore, we examined the use of alternative HDHS comparison samples, excluding the Central department and, separately, drawing from departments without large food aid programs at the time ( Table 4) . Exclusion of the Central department led to similar and, in most cases, slightly larger differences between treatment and comparison groups, including the difference in HAZ for the recuperative model, which is now significant. Exclusion of the departments with large food programs revealed differences for the linear growth measures that were substantially larger. On balance, consideration of these alternative comparison samples led to differences in the estimated effects on HAZ in expected ways and program effects reported in Table 3 appear, if anything, to be conservative.
Rigorous evaluations of food-assisted MCHN programs are stymied by the ethics of randomizing recipients to a control treatment. As a result, little is known about their overall effectiveness in reducing undernutrition in different operational contexts. Using nearest neighbor matching methods, we estimated the absolute effects of 2 well-executed programs of this type implemented by WV in the Central department. Children living in both the preventive and recuperative model areas had greater mean HAZ and lower rates of stunting compared with matched control children. Communities exposed to the preventive program, previously shown to have been more effective than the recuperative program (6), had a prevalence of stunting 16 pp lower than the matched comparison. The difference in stunting prevalence for communities exposed to the recuperative program compared with the matched control group was smaller, 11 pp, but still substantial. In conclusion, both foodassisted MCHN programs were effective at tackling child undernutrition in this context characterized by economic hardship. Methodologically, the matching-based analytic approach used to create a control group in this study offers promise for other study settings where identifying or setting up a control group is challenging. 
